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Abstract
Background:  The differential diagnosis of metastatic mammary adenocarcinoma and
adenocarcinomas from other primary sites can be challenging, particularly in tumors that are poorly
differentiated and negative for Estrogen/Progesterone receptors (ER/PR). With progression of
disease, Androgen receptors (AR) are preserved with higher frequency than ER/PR in metastatic
mammary carcinoma. This study was undertaken to evaluate the diagnostic significance of AR
expression in adenocarcinoma of breast and other morphologically similar adenocarcinomas.
Design:  Formalin-fixed paraffin-embedded tissue sections of 113 primary adenocarcinoma of
various sites [breast (34, all females), lung (23, M- 6, F-17), colon (9, M-2, F-7), stomach (6, M-4, F-
2), liver and bile duct (11, M-5, F-6), pancreas (7, M-2, F-5), ovary (10), endometrium (7), and cervix
(6)] were immunostained with monoclonal antibody for AR. Except for well differentiated lobular
carcinoma of breast (5) and bronchoalveolar carcinoma of lung (10), majority of the tumors were
moderately to poorly differentiated. Tumors immunoreactive for ≥ 10% of nuclei were considered
AR positive. However, AR immunoreactivity in the cytoplasm only was also recorded.
Results: 56% (19/34) mammary carcinoma and 20% (2/10) adenocarcinoma of ovary were positive
for AR. Remaining 69 adenocarcinomas did not show nuclear immunoreactivity for AR in ≥ 10%
nuclei; however, 52% (36/69) showed variable cytoplasmic immunoreactivity.
Conclusion:  Significant proportion of mammary carcinomas and some ovarian carcinomas
express AR in the nuclei of more than 10% tumor cells. If metastatic tumor with unknown primary
in a female is AR positive, breast and ovary are the most likely primary sites. Cytoplasmic
immunoreactivity alone without nuclear immunoreactivity for AR was non-specific for this
differential diagnosis.
Background
Over the years with vast advances in the chemotherapeu-
tic regimes specific for certain primary sites of tumors, the
correct identification of the origin of tumor is of utmost
importance for the determination of appropriate therapy
and prognosis. In women, mammary carcinoma is a lead-
ing cause of death in several regions of the world [1]. It is
an important differential in the evaluation of metastatic
tumor especially in locations like axillary lymph nodes,
lung, liver, and body fluids where it is one of the most
common metastatic tumors in women [2].
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The primary site of poorly differentiated metastatic aden-
ocarcinoma may not always be discernible by morphol-
ogy alone. Immunohistochemistry has proved to be a
useful adjunct for this purpose. Commonly applied pan-
els of immunomarkers for breast carcinoma including ER,
PR, GCDFP-15 (Gross Cystic Disease Fluid Protein-15),
and lactoferrin while very useful [3-6] may be inconclu-
sive [7,8].
Previous studies have shown that AR is retained more
often than ER/PR in metastatic mammary carcinoma
[9,10], being the sole receptor in 25% of metastatic breast
tumors in a report [9]. AR expression in primary breast
cancer has been observed in 34–100% of cases in several
reports [9,11-14]. The higher frequency of AR expression
as compared to ER/PR makes it a promising addition to a
panel of immunohistochemical markers for assessment of
metastatic carcinomas. However, the status of AR by
immunohistochemistry in other poorly differentiated car-
cinomas that may enter in the differential diagnosis for
mammary carcinoma has not been evaluated previously.
This study was undertaken to examine the expression of
AR by immunohistochemistry in poorly differentiated pri-
mary breast carcinoma and adenocarcinomas from vari-
ous other sites.
The tumors that are included in our study are primary ade-
nocarcinomas from breast, lung, stomach, pancreas, liver
(cholangiocarcinoma), colon, ovary, endometrium, and
cervix.
Materials and methods
A total of 113 cases were obtained after a computerized
search from Anatomic Pathology files at Froedtert Hospi-
tal/Medical College of Wisconsin from 1996 to 2001. The
neoplasms studied included the following: 34 mammary
carcinomas (29 ductal, 5 lobular), 10 ovarian carcinomas,
7 uterine endometrial carcinomas, 6 uterine cervix adeno-
carcinomas, 11 liver and bile duct cholangiocarcinomas
(M-5, F-6), 7 pancreatic adenocarcinomas (M-2, F-5), 6
gastric carcinomas (M-4, F-2), 9 colon carcinomas (M-2,
F-7), and 23 adenocarcinomas of the lung (M-6, F-17)
including 10 of the broncho-alveolar type. Majority of the
tumors except for lobular carcinoma of the breast and
broncho-alveolar carcinoma of the lung were of a moder-
ately to poorly differentiated grade. All of these tumors
were primary tumors of their respective organs. Out of the
56 adenocarcinomas (other than mammary carcinoma,
ovarian carcinoma, uterine endometrial and cervical carci-
nomas of the female gender), 19 tumors belonged to
males and 37 to females.
These specimens were fixed in 10% formalin and embed-
ded in paraffin blocks. Sections of 3.5 micron in thickness
were cut and mounted on DAKO silanized slides to
accommodate alkaline epitope retrieval. They were then
dried and depariffinized. The endogenous peroxidase
activity was blocked using 50/50 methanol/H2O2 solution
following which antigen retrieval is performed with
DAKO pH 10.0 citrate buffer at 95°C for 20 minutes. After
allowing it to cool down, non-specific binding was
quashed with DAKO protein block. The tissue was then
immunostained for 45 minutes with monoclonal
antibodyAR441 (Dako, Carpinteria, CA) corresponding
to amino acids 229–315 of the human androgen receptor
at a dilution of 1:100. The signal was visualized with
DAKO LSAB+. Then they were placed in DAKO DAB+ for
7 minutes. Lastly hematoxylin counter stain was per-
formed using Harris Hematoxylin. Tumors were consid-
ered positive for AR if 10% or greater than 10% of nuclei
were immunoreactive. Cytoplasmic reactivity alone with
AR was interpreted as negative, but was recorded for ana-
lyzing the results. Formalin fixed paraffin-embedded tis-
sue sections of prostate served as a positive control.
Results
Of the 34 breast carcinoma cases, 29 were of infiltrating
ductal type (IDC) and 5 of infiltrating lobular type (ILC).
All of the IDC were assigned Bloom and Richardson grade
3. Nuclear immunoreactivity was observed in 56% (19/
34) of the total breast cases. Out of the 29 cases of IDC, 14
were positive for AR. All 5 ILC were positive for AR. The
staining pattern for AR was patchy in many of the tumors
with proportion of tumor nuclei exhibiting immunoposi-
tivity for AR varying from 40–100%. The intensity also
varied from weak to strong. In the ILC group, 4 cases dis-
played positive nuclear immunostaining with strong
intensity, and in 1 case 75% of the nuclei stained positive
with moderate to strong intensity. Simultaneous or iso-
lated cytoplasmic staining with AR, ranging from weak to
strong was noted in 62% (21/34) of these breast carcino-
mas.
The group of 10 ovarian tumors included 5 papillary
serous adenocarcinomas, 3 endometriod carcinomas, 1
mixed papillary mucinous and serous adenocarcinoma,
and 1 mixed endometriod – papillary serous adenocarci-
noma. Immunoreactivity with AR was noted in 2 of these
tumors, a papillary serous adenocarcinoma and the other
mixed endometriod – papillary serous adenocarcinoma.
Moderate to strong staining was noted in 80% and 95% of
the tumor nuclei in these 2 tumors respectively. Nine out
of the ten ovarian tumors displayed variable cytoplasmic
immunoreactivity with AR.
Out of the 10 cases selected initially as colon adenocarci-
noma, one tumor displayed AR immunoreactivity in scat-
tered malignant glands but was negative in the poorly
differentiated regions of the tumor. This tumor belonged
to a male patient. Due to morphology unusual for colonDiagnostic Pathology 2006, 1:34 http://www.diagnosticpathology.org/content/1/1/34
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carcinoma, further investigation with Prostatic specific
antigen (PSA) immunomarker was performed to deter-
mine if this tumor had possible prostate origin. PSA
immunoreactivity was observed in areas showing few
well-differentiated malignant glands consistent with pro-
static adenocarcinoma. The tumor was predominantly
poorly differentiated and these poorly differentiated cells
did not show AR immunoreactivity. Patient had a past his-
tory of prostatic adenocarcinoma. The rest of the colon
adenocarcinoma cases showed non-reactivity of the nuclei
with AR although variable cytoplasmic staining was noted
in 7 of the 9 cases.
Amongst the 7 cases initially selected as gastric carcinoma,
six did not display nuclear immunoreactivity for AR; how-
ever, one case belonging to a female patient showed mod-
erate to strong positive nuclear staining with AR in 60% of
the nuclei. Further immunohistochemical studies were
performed which demonstrated immunoreactivity of the
tumor cells for ER (20–30% nuclei with moderate inten-
sity), PR (90% nuclei with strong intensity) and Cytoker-
atin 7. These tumor cells were negative for Cytokeratin 20,
consistent with metastatic mammary carcinoma. Patient
had a past history of mammary carcinoma. Cytoplasmic
staining was noted in 3 out of the 6 gastric carcinoma
cases.
Remaining 54 adenocarcinomas, including pancreatic
adenocarcinomas (7), liver and bile duct cholangiocarci-
nomas (11), uterine endometrial carcinomas (7), uterine
cervix adenocarcinomas (6), and pulmonary adenocarci-
nomas including broncho-alveolar type (23), did not
show nuclear immunonegativity for AR. However 48%
(26/54) of these tumors demonstrated variable cytoplas-
mic reactivity. Out of all 69 non-mammary/non-ovarian
adenocarcinomas, 52% (36/69) showed variable cyto-
plasmic immunoreactivity.
Discussion
Androgen receptors are nuclear proteins that are function-
ally critical to several organs and tissues [15]. They are
expressed at variable levels in a number of tissues [16].
Intense staining has been reported in glandular epithelia
of male accessory organs (including prostrate, seminal
vesicles and epididymis), breast, and sebaceous and sweat
glands of skin [17,18]. In the testes, sertoli cells, peritubu-
lar myoid cells and interstitial cells were immunoreactive
with AR [17,18]. Stratified squamous epithelia of vagina
and cervix showed selective immunostaining of the basal
layer whereas in the preputial epithelia, the intensity of
immunoreactivity decreased gradually with maturation
[17].
AR expression has been noted in some benign and malig-
nant tumors. As noted earlier, majority of breast carcino-
mas evaluated express AR as determined by IHC and
biochemical studies [9,11-14]. In adenocarcinoma of the
prostate, AR has been demonstrated by IHC with consid-
erable heterogeneity in staining [18-21]. A significant
number of ovarian carcinomas are also positive for AR
[22,23]. Malignant cells in some endometrial adenocarci-
nomas were found to be immunoreactive [24]. AR has
also been detected by IHC in 90% of salivary duct carcino-
mas [25,26]. Amongst the benign tumors, AR expression
has been demonstrated in nasopharyngeal angiofibromas
[27], hepatic adenomas [28], and meningiomas [29].
Mammary carcinoma- Positive for Androgen receptors (≥ 10% nuclei are immunoreactive, 100×) Figure 1
Mammary carcinoma- Positive for Androgen receptors (≥ 10% nuclei are immunoreactive, 100×).Diagnostic Pathology 2006, 1:34 http://www.diagnosticpathology.org/content/1/1/34
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Recently, AR expression has been evaluated with reference
to clinical and prognostic significance in estrogen recep-
tor-negative breast cancers [30].
In our study there was a clear dominance of AR expression
in mammary carcinoma compared to other adenocarcino-
mas. AR expression in 56% (19/34) of the mammary car-
cinomas is in concordance with previous studies. Whilst
48% (14/29) of the IDC's were immunoreactive for AR,
ILC cases demonstrated consistent AR positivity at 100%.
The higher frequency could be attributed to lower grade of
the ILC's as compared to the poorly differentiated IDC's
chosen in our study. It is noteworthy that 20% of ovarian
carcinomas were positive with immunoreactivity for AR in
more than 10% nuclei.
As specifically evaluated in this study, the nuclear immu-
nostaining pattern is important during interpretation.
Only nuclear immunostaining pattern was observed in
mammary carcinoma and in a few cases of ovarian carci-
noma. All other adenocarcinomas are negative for nuclear
immunoreactivity. However, cytoplasmic immunoreac-
tivity was not uncommon in many of these non-mam-
mary/non-ovarian carcinomas.
Two cases (1 female and 1 male) showed positive immu-
noreactivity for AR in nuclei in the tumors initially
selected in the non-mammary adenocarcinoma group.
After further evaluation with additional immunomarkers
and clinical correlation, these tumors were consistent with
metastatic adenocarcinomas. The primary sites respec-
tively were breast in a female and prostate in a male.
Positive for Androgen receptors Figure 3
Positive for Androgen receptors. A. Infiltrating ductal carcinoma, B. Infiltrating lobular carcinoma, C. Ovarian carcinoma 
(40×).
A B C
Pancreatic carcinoma- Negative for Androgen receptors (None to <10% nuclei are immunoreactive, 100×) Figure 2
Pancreatic carcinoma- Negative for Androgen receptors (None to <10% nuclei are immunoreactive, 100×).Diagnostic Pathology 2006, 1:34 http://www.diagnosticpathology.org/content/1/1/34
Page 5 of 6
(page number not for citation purposes)
Addition of AR in the immunopanel for immunohisto-
chemical evaluation of unknown primary in women is
strongly recommended. Silanized slides are recom-
mended to avoid floating and washing away of the tissue
sections during alkaline epitope retrieval step. Depending
on the clinical correlation, including the status of ovaries
and breast, AR positivity favors primary from mammary
carcinoma and sometimes ovarian carcinoma.
In summary, AR immunoreactivity in 10% or more nuclei
is consistent with AR positive tumor, which is strongly
suggestive of breast and in some cases ovarian primary.
This study suggests that AR is a potentially useful immu-
nomarker in evaluating metastatic adenocarcinoma of
unknown primary in females. It is important to assess the
true nuclear immunoreactivity in tumor cells. Cytoplas-
mic immunostaining alone is non-specific for differential
diagnosis of these primary sites.
Competing interests
The author(s) declare that they have no competing inter-
ests.
Authors' contributions
JM designed, carried out entire study and prepared manu-
script. VS conceived, designed and provided expertise in
assisting in data collection and manuscript preparation as
senior author and mentor. RK participated in the design
and coordination of the study. All authors read and
approved the final manuscript.
Table 1: AR positivity in different tumors
Tumor Total (M+F) AR Positive Nuclear or Nuclear-Cytoplasmic immunoreactivity %(n) Cytoplasmic immunoreactivity
IDC 29 (All F) 48% (14/29) 55%(16/29)
ILC 5 (All F) 100% (5/5) 100% (5/5)
Ovary 10* 20% (2/10) 90% (9/10)
Endometrium 7 0% (0/7) 43%(3/7)
Cervix 6 0% (0/7) 17%(1/6)
Lung 23 (6 + 17)** 0% (0/23) 74%(17/23)
Colon 9 (2+7)*** 0% (0/9) 78%(7/9)
Stomach 6 (4+2)**** 0% (0/6) 50%(3/6)
Pancreas 7 (2+5) 0% (0/7) 43%(3/7)
Hepatobiliary 11 (5+6) 0% (0/11) 18%(2/11)
*Included 5 papillary serous adenocarcinomas, 3 endometrioid carcinomas, 1 mixed papillary mucinous and serous adenocarcinoma, and 1 mixed 
endometrioid and papillary serous adenocarcinoma.
** Included 13 poorly differentiated adenocarcinomas of lung and 10 bronchoalveolar carcinomas.
*** Initially 10 cases of colon adenocarcinoma were selected but one was excluded after concluding it to be metastatic prostrate adenocarcinoma 
to colon.
**** Initially 7 cases of gastric carcinoma were selected but one was later excluded following conclusion of it being metastatic mammary carcinoma 
to stomach.
Negative for Androgen receptors (40×) Figure 4
Negative for Androgen receptors (40×). A. Lung carcinoma (Nuclei- non-immunoreactive, Cytoplasm- immunoreactive), B. 
Endometrial carcinoma (Both, nuclei and cytoplasm- non-immunoreactive), C. Pancreatic carcinoma (Both, nuclei and cyto-
plasm- non-immunoreactive).
A B CPublish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
Diagnostic Pathology 2006, 1:34 http://www.diagnosticpathology.org/content/1/1/34
Page 6 of 6
(page number not for citation purposes)
Acknowledgements
Authors thank Glen Dawson, BS,HT,IHC(ASCP), Aurora Kallenbach, 
HT(ASCP), and Jerome Jacobson, HT(ASCP) for their expert technical 
assistance in immunohistochemistry.
This study was presented in part at the 91st Annual Meeting of United 
States and Canadian Academy of Pathology, Feb 23-March 1, 2002, Chicago, 
IL., USA.
References
1. Wingo PA, Tong T, Bolden S: Cancer statistics 1995.  CA Cancer J
Clin 1995, 45:8-30.
2. Silverberg SG, DeLellis RA, Frable WJ: Principles and Practice of
Surgical Pathology and Cytopathology.  Churchill Livingston,
New York; 1997. 
3. Kaufmann O, Deidesheimer T, Muehlenberg M, Deicke P, Dietel M:
Immunohistochemical differentiation of metastatic breast
carcinomas from metastatic adenocarcinomas of other
common primary sites.  Histopathology 1996, 29(3):233-40.
4. Lee BH, Hecht JL, Pinkus JL, Pinkus GS: WT1, estrogen receptor,
and progesterone receptor as markers for breast or ovarian
primary site in metastatic adenocarcinoma to body fluids.
Am J Clin Pathol 2002, 117(5):745-50.
5. Ormsby AH, Snow JL, Su WP, Goellner JR: Diagnostic immunohis-
tochemistry of cutaneous metastatic breast carcinoma: a
statistical analysis of the utility of gross cystic disease fluid
protien-15 and estrogen receptor protein.  J Am Acad Dermatol
1995, 32(5):711-6.
6. Longatto FA, Alves VA, Kanamura CT, Nonogaki S, Bortolan J, Lom-
bardo V, Bisi H: Identification of the primary site of metastatic
adenocarcinoma in serous effusions. Value of an immunocy-
tochemical panel added to the clinical arsenal.  Acta Cytol 2002,
46(4):651-8.
7. Wallace ML, Longacre TA, Smoller BR: Estrogen and progester-
one receptors and anti-gross cystic disease fluid protein 15
(BRST-2) fail to distinguish metastatic breast carcinoma
from eccrine neoplasms.  Mod Pathol 1995, 8(9):897-901.
8. Su JM, Hsu HK, Chang H, Lin SL, Chang HC, Huang MS, Tseng HH:
Expression of estrogen and progesterone receptors in non-
small cell lung cancer: Immunohistochemical study.  Antican-
cer Res 1996, 16:3803-3806.
9. Lea OA, Kvinnsland S, Thorsen T: Improved measurement of
androgen receptors in human breast cancer.  Cancer Res 1989,
49:7162-7167.
10. Ilene B, Bayer-Garner , Smoller Bruce: Androgen Receptors: A
marker to increase sensitivity for identifying breast cancer in
skin metastasis of unknown primary site.  Mod Pathol 2000,
13(2):119-122.
11. Miller WR, Telford J, Dixon JM, Hawkins RA: Androgen receptor
activity in human breast cancer and its relationship with
estrogen and progesterone receptor activity.  Europ J Cancer
clin Oncol 1985, 21:539-542.
12. Knenen-Boumeester V, Van der Kwast Th, van Putten WLJ, Claassen
C, van Ooijen B, Henzen-Logmans SC: Immunohistochemical
determination of androgen receptors in female breast can-
cer.  Int J Cancer 1992, 52:581-584.
13. Isola JJ: Immunohistochemical demonstration of androgen
receptor in breast cancer and its relationship to other prog-
nostic factors.  J Pathol 1995, 170:31-35.
14. Hall RE, Aspinall JO, Horsfall DJ, Birrell SN, Bentel JM, Sutherland RL,
Tilley WD: Expression of the androgen receptor and an
androgen-responsive protein, apolipoprotein D, in human
breast cancer.  Br J Cancer 1996, 74:1175-1180.
15. Liao S: Cellular receptors and mechanism of action of steroid
hormone.  Int Rev Cytol 1975, 41:87.
16. Ruizeveld de Winter JA, Trapman J, Vermey M, Mulder E, Zegers ND,
van der Kwast TH: Androgen receptor expression in human
tissues: an immunohistochemical study.  J Histochem Cytochem
1991, 39:927-936.
17. Iwamura M, Abrahamsson PA, Benning CM, Cockett ATK, di
Sant'agnese PA: Androgen receptor immunostaining and its
tissue distribution in formalin-fixed, paraffin-embedded sec-
tions after microwave treatment.  J Histochem Cytochem 1994,
42:783-788.
18. Chodak GW, Kranc DM, Puy LA, Takeda H, Kathryn J, Chang C:
Nuclear localization of androgen receptor in heterogeneous
samples of normal, hyperplastic and neoplastic human pros-
tate.  J Urol 1992, 147:798.
19. Magi-Galluzzi C, Xu X, Hlatky L, Hahnfeldt P, Kaplan I, Hsiao Pw,
Chang C, Loda M: Heterogeneity of androgen receptor con-
tent in advanced prostate cancer.  Mod Pathol 1997, 10:839-845.
20. Takeda H, Akakura K, Masai M, Akimoto S, Yatani R, Shimazaki J:
Androgen receptor content of prostate carcinoma cells esti-
mated by immunohistochemistry is related to prognosis of
patients with stage D2 prostate carcinoma.  Cancer 1996,
77:934-940.
21. Pertschuk LP, Macchia RJ, Feldman JG, Brady KA, Levine M, Kim DS,
Eisenberg KB, Rainford E, Prins GS, Greene GL: Immunocyto-
chemical assay for androgen receptors in prostate cancer: a
prospective study of 63 cases with long-term follow-up.  Ann
Surg Oncol 1994, 1:495-503.
22. Chadha S, Rao BR, Slotman BJ, van Vroonhoven CCJ, van der Kwast
ThH: An immunohistochemical evaluation of androgen and
progesterone receptors in ovarian tumors.  Hum Pathol 1993,
24:90-95.
23. Kuhnel R, de Graaff J, Rao BR, Stock JG: Androgen receptor pre-
dominance in human ovarian carcinoma.  J Steroid Biochem
1987, 26:393-397.
24. Horie K, Takakura K, Imai K, Liao S, Mori T: Immunohistochemi-
cal localization of androgen receptor in the human
endometrium, decidua, placenta and pathological conditions
of the endometrium.  Hum reproduct 1992, 7:1461.
25. Kapadia SB, Barnes L: Expression of androgen receptor, gross
cystic disease fluid protein, and CD44 in salivary duct carci-
noma.  Mod Pathol 1998, 11:1033-1038.
26. Fan CY, Wang J, Barnes L: Expression of androgen receptor and
prostatic specific markers in salivary duct carcinoma.  Am J
Surg Pathol 2000, 24:579-586.
27. Hwang HC, Mills SE, Patterson K, Gown AM: Expression of andro-
gen receptors in nasopharyngeal angiofibroma: An immuno-
histochemical study of 24 cases.  Mod Pathol 1998, 11:1122-1126.
28. Cohen C, Lawson D, DeRose PB: Sex and androgenic steroid
receptor expression in hepatic adenomas.  Hum Pathol  1998,
29:1428-1432.
29. Nasser SM, Faquin WC, Dayal Y: Expression of androgen, estro-
gen, and progesterone receptors in salivary gland tumors.
Frequent expression of androgen receptor in a subset of
malignant salivary gland tumors.  Am J Clin Pathol 2003,
119:801-6.
30. Agoff SN, Swanson PE, Linden H, Hawes SE, Lawton TJ: Androgen
receptor expression in estrogen receptor-negative breast
cancer. Immunohistochemical, clinical, and prognostic asso-
ciations.  Am J Clin Pathol 2003, 120:725-31.